It is generally accepted that a driver's ability to perceive, recognize, and react to surroundings contributes to safer roads. The objective of this paper is to investigate the perceptibility of roundabouts as influenced by their most distinctive feature -the central island treatment. Previous work has shown how visual perception of central island treatment can improve road safety performance. Recently, the authors have suggested a roundabout central island treatment classification scheme with three categories: Reduced, Compressed and Slender. Classifying roundabout central island treatment types was necessarily somewhat subjective. This paper introduces a more quantitative measure for central island visual perception, based on the theory of visual intrusion as measured by the solid angle subtending the central island treatment. Data were collected using laser instruments, Google Streetview ® and Google Earth ® , and the related solid angles have been estimated for a large sample of roundabouts located both in Tuscany (Italy) and in the United States. The classification scheme is analyzed using the nonparametric Fisher's exact test which shows the central island treatment classification scheme is not associated with roundabout size. Therefore, central island treatment can be utilized as a unique metric for categorizing roundabouts. Descriptive statistics indicate that roundabouts with compressed island treatments have the largest solid angles (and implied visibility) when compared to either reduced or slender treatments, which have similar levels of visual intrusion as estimated by their solid angle.
Introduction
The subject of this paper is the calibration of a model for the classification of roundabouts as a function of their central island treatment type by incorporating the idea of the "visual intrusion" of a roundabout central island as a positive design attribute by which to measure the perceptibility or visibility of the roundabout [2] .
A goal of the paper is to quantify the level of roundabout perceptibility through the estimation of the central island treatment's "solid angle" [3] . The solid angle (on an approach) is a function of the surface area of the island treatment facing the driver and the distance the driver is from the island. Forty roundabouts located near the cities of Pisa, Livorno and Grosseto, Italy and 45 from the U.S. are analyzed.
Roundabout visibility
Two distinct issues of visibility for drivers approaching and entering or exiting a roundabout can be identified as:
 Unobstructed line-of-sight, for: a) pedestrians b) vehicles  Perception/Recognition/"Readability" of the roundabout. The unobstructed line-of-sight issue is critical for approaching traffic to be able to yield to pedestrians and vehicles appropriately and to select adequate gaps before entering the circulatory roadway and then to safely exit from the roundabout.
However, there are other visibility issues related to the "readability" of the intersection, understood here as the perceptibility of the roundabout by drivers through the recognition of its major components, such as the central islands. The treatment of the central inner island is important for perception, recognition, and "reading" at a distance upstream of the roundabout [1] .
Visual intrusion
The term "visual intrusion" is used to indicate the effects on aesthetics that a generic transport structure has on the surrounding environment [3] . The term "transport structure" implies the physical structure as well as the traffic that uses it. This definition does not necessarily imply a negative; in fact, "visual intrusion" can be helpful to drivers.
In the case of the roundabout, the "transport structure" analyzed in this paper, the element that might or might not improve driver perception of the roundabout is the central island, particularly in its design or treatment (what is placed on the central island) [2] . The phenomenon of visual intrusion is assessed by measuring the solid angle and the solid angle can be defined as the portion of the surface of a sphere which covers a particular object, as seen by an observer in the center of the sphere [4] . For a small region of area A, the numerical value of the solid angle Ω can be estimated by:
where A is the surface area of the element that characterizes the central island (tree, vegetation, mast, memorial, etc.) perceived by a driver who is approaching the roundabout. R is the distance between the driver and the central island element, and for this study is taken as the distance from the driver to the central island treatment at a distance of 15 meters from the circulating roadway outer delineating pavement markings. This is also the minimum safe distance for a clear perception of the roundabout, in accordance with Italian guidelines for yield intersections [5] .
Treatment of the central island
Three basic central island treatment types are described below [2] . 
Data collection
Data were collected with a laser rangefinder, model Leica A8, which has direct as well as indirect measurement capability to accurately measure lengths, areas and volumes [6] . Its laser rangefinder can used be up to distances of 100 meters. The instrument was positioned at each entrance of the roundabout at a distance of 15 meters from the circulating roadway delineating pavement markings at height of 1.25 meters. These values correspond to the minimum safe distance for clear perception of any yield controlled and average height of the eyes of a drive, in accordance with Italian guidelines [5] . Data on basic geometric characteristics of each roundabout were also collected, such as diameter of the outer inscribed circle, the central island diameter, width of the circulating roadway, and surface area of the central island treatment from the perspective of the approaching driver. Figure 4 illustrates an example of the data collected at one of the study sites, while Table 1 summarizes the central island treatment type and solid angle data collected at each location in Italy. K is a dimensionless factor which, multiplied by the value of the range, gives the estimate of standard deviation from the normal range, i.e. the range that falls within 95% of the data collected [7] .
Fisher's exact test is a test for the hypothesis test used in statistics in nonparametric situations with two nominal variables and small samples, named after its creator Ronald Fisher [8] . This test is used to check whether the data of two samples summarized in a 2x2 contingency table are consistent with the null hypothesis (H 0 ) that the populations of origin of the two samples have the same dichotomous division and that the observed differences with the data samples are due simply to chance. Let us introduce the meaning of some terms:
 Contingency  Dichotomous division: division of an entity into two mutually exclusive, such that it cannot be both simultaneously true and complete to each other.
In our case, we "cross" type of values and types of treatment of the inner island in order to find, for each test, if the sample distribution of cases is quite random (H 0 hypothesis) or whether the various treatment of central island belong to the same sample population (H 1 hypothesis). Since there are three island treatment types, we conduct three separate Fisher exact tests for each pair of treatment types, as follows for the Italian data.
Using the data presented in Table 3 , we determine the p-value of Fisher test = 12%. As the percentage is higher than 5%; we accept the null hypothesis H 0 under which the two types of productions considered belong to different populations. Using the data presented in Table 4 , we determine the p-value of Fisher test = 50%. As the percentage is higher than 5%; we accept the null hypothesis H 0 under which the two types of productions considered belong to different populations. Using the data presented in Table 5 , we determine the p-value of Fisher test = 26%. As the percentage is higher than 5%; we accept the null hypothesis H 0 under which the two types of productions considered belong to different populations. 
Analysis of independence of central island treatment and roundabout type -U.S. data
Solid angle data were also collected at forty-five locations in the United States. Summary statistics for the U.S. solid angle data are presented in Table 6 . Fisher exact test analysis of the data collected in U.S. yields results that are consistent with the analysis of the data from Italy, and are presented as follows.
Using the data presented in Table 7 , we determine the p-value of Fisher test = 11.3%. As the percentage is higher than 5%; we accept the null hypothesis H 0 under which the two types of productions considered belong to different populations. Using the data presented in Table 8 , we determine the p-value of Fisher test = 80%. As the percentage is higher than 5%; we accept the null hypothesis H 0 under which the two types of productions considered belong to different populations. Fisher's Exact Test affirms that, as defined, the three treatments belong to different populations and therefore are independent from one another. Table 10 summarizes the solid angle estimates made from forty-five roundabout locations in the U.S. Since the data does not appear to be normally distributed, a non-parametric significance test for the difference of the mean solid angle between the three treatment groups -Reduced, Compressed, and Slender -is calculated. Because h does not fall in the critical region (h < 5.991), there is insufficient evidence at alpha-level α = 0.05 with the Kruskal-Wallis test to state that we reject the null hypothesis that the mean solid angles are all equal for the three central island treatment types. However, at an alpha-level of α = 0.10, the ChiSquare critical value (with df = 2) is equal to 4.605, where we would reject the null hypothesis that the mean solid angles are all equal for the three central island treatment types (h > 4.065).
Supplemental analysis of solid angle data -U.S. data

Conclusions
Previous work by the authors suggests that roundabouts characterized by a high value of solid angle are better perceived by approaching drivers [10] . The purpose of this paper was to begin to quantify this visibility as a function of central island treatment.
By Fisher's exact test we confirm that the classification of roundabouts by central island treatment is independent of size. We can distinguish between reduced, compressed and slender central island treatment, and that compressed treatment is generally more visible to the driver.
Future work could include development of an interactive website of roundabouts directory, similar to others existing in some European countries, such as the web page "Sens Giratoire" from France [9] . The intention would be to characterize engineering and agronomic features of roundabouts [10] in the region of concern.
